ABSTRACT. Stanleyite, a cobalt-blue mineral, occurs as efflorescent outgrowths on patronite from Cerro de Pasco, Minasragra, Peru. The determined composition is very close to the ideal formula VOS04. 6H20 and yields an empirical formula of VI.OI01.0IS0.9903.99 5.78H20 on the basis of°= 5 in the anhydrous part. X-ray powder data (31 lines) indexed on an orthorhombic cell give a 12.12, b 9.71, and c l4.92A, cell volume 1755.8 A 3 and Z = 8. Refractive indices are ex 1.505, (3 1.519, and y 1.533, D is 1.95 (measured) and 2.01 (calculated), H = 1-it (Mohs). Thermal analysis and X-ray powder data show stanleyite to be quite different from minasragrite (the pentahydrate) which it clearly mimics. Associated minerals are potassium alum, pyrite, and quartz.
IN 1922 the Royal Scottish Museum exchanged specimens with the British Museum (Natural History) for a suite of meteorite casts and minerals. Included in the exchange material was a specimen labelled 'Minasragrite on decomposing patronite, Minasragra, Cerro de Pasco, Peru'. This material was received by the British Museum (NH) from the Peruvian Government in 1917. X-ray diffraction examination of the 'minasragrite' revealed a powder pattern completely incompatible with the minasragrite (VOS04. 5H20) data of Smith and Marinenko (1973) . The pattern could not be matched with that of any known mineral but closely fitted the unindexed data for the synthetic higher hydrate VOS04. 6HzO.
The new species, and name, have been approved by the International Mineralogical Association Commission on New Minerals and Mineral Names. Stanleyite is named after the journalistexplorer Henry Morton Stanley (1841 Stanley ( -1904 who, on 10 November, 1871, found Dr David Livingstone in Africa. It is implicit in some mineral names, when paired, that compositional or structural similarities exist, as in the case for adamite and eveite, but it must be stressed that no link in this manner occurs between livingstonite and stanleyite. However, in 1858, Dr David Livingstone presented the Royal Scottish Museum with a collection of African rocks and minerals and therefore @ Copyright the Mineralogical Society it seems reciprocally appropriate to honour mineralogically the man who immortalized the phrase 'Doctor Livingstone I presume' (a phrase the author has had to live with for many years!). Physical properties. Stanleyite occurs as an aquamarine to deep cobalt-blue efflorescence on bluishblack, loose, fine-grained patronite or as sporadic fragments up to 1.5 mm across, disseminated throughout the sample. Optically, the stanleyite fragments appear to be aggregates of minute plates although scanning electron microscopy reveals that the grains possess very ragged surface features ( fig.  1 Smith and Marinenko (1973) and most probably reflect the extra water molecule in the structure. A few minute lath-like fragments extinguish at up to 15°to the length. Under long-or short-wave ultra-violet light no fluorescence was observed. Stanleyite is instantly soluble in cold water and very dilute acids, and slowly soluble in alcohol. X-ray powder data. Minute single grains were X-rayed using Cu-Ka1 radiation and all the patterns produced are identical both in respect of d-spacings and relative intensities (except for slight ifttensity variations in lines which show preferred orientation effects). Even with very fine grinding, and extreme softness, it was not possible to completely eliminate preferred orientation nor was it practicable to include an internal standard. The powder data, presented in Table I , can be reasonably indexed on an orthorhombic cell with a 12.12, b 9.71 and c 14.92 A; cell volume is 1755.8 A 3 and Z = 8. Ballhausen et al. (1968) synthesized two orthorhombic unstable forms of VOS04. 5HzO and a monoclinic stable form identical with minasragrite. In the absence of single crystal data for stanleyite, and bearing in mind the inclined extinction previously noted, monoclinic symmetry cannot be ruled out.
Powder diffraction data for stanleyite fit very closely that given by Tudo (1965) were consistently smaller by about 0.8 %than those found by the two authors for the same phase. Other differences are also apparent, for under normal laboratory conditions Tudo found the hexahydrate to be the most stable form, whereas Ballhausen et al. (1968) found that only single crystals of the pentahydrate were stable. On all stanleyite powder patterns there was no evidence for any of the strongest minasragrite lines, although it is known that dehydration of higher vanadium sulphate hydrates to lower hydrates is possible. Likewise, Smith and Marinenko (1973) did not find evidence for the partially dehydrated phase VOS04. 3HzO in their minasragrite work.
Chemistry. Preparation of X-rayed single grains for eIectron-probe microanalysis proved more difficult than expected. This was not due to the extreme softness which produced undercutting and low profiles relative to the resin surface but because of unexpected reactivity with various resins tried. The reaction was rapid and produced a brownish halo of crystallites and bubbles around the stanleyite grains. Once the haloes formed the grains easily plucked out during polishing.
Predictably, stanleyite constantly lost water, even with a defocused beam, during electron-probe microanalysis, which was undertaken with a Cambridge Instruments Geoscan V with standardization on vanadium metal, and pyrite for sulphur. Results are presented in Table II and the normalized stanleyite composition is derived from a combination of electron-probe results and thermogravimetric analysis. Using the latter technique it was possible to determine the water and S03 contents directly and these account for 67 %, by weight, of the analysis. After deduction of minor constituents the empirical formula is calculated from VOz, S03 and HzO and is V1.0101.01 SO.9903.99.5.78HzO on the basis of 5 oxygens in the anhydrous part. The ideal formula can be expressed as VOS04. 6HzO.
For the thermal analysis a Stanton-Redcroft TG-770 micro-thermo balance was used at a heating rate of 15°C per minute and the thermogravimetric (TG) and differential thermogravimetric (DTG) curves are depicted in fig. 2 . Based on a determined water loss of 38 wt. % the empirical formula calculations yield 5.8HzO molecules whereas the ideal formula, for six water molecules, yields a theoretical value of 39.8 %HzO. A ten'tative interpretation of the TG and DTG curves, based on a one milligramme sample, suggests a stepwise loss of water with the last molecule being driven off between 160 and 340°C. In fig. 2 Analysis 10 is the average of 1-9 results.
Analysis 11. Stanleyite composition derived from 'anhydrous' analysis 10 normalized against S03 result from thermal analysis,and H2O.
* Analysis shows 0.1 % MnO.
-indicates not detected.
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T ABLE II. Electron-probe microanalyses and stanleyite composition first two molecules appear to be rapidly expelled between A and B on the DTG curve. The next three molecule's expulsion is somewhat indeterminate whereas the most strongly bonded, last molecule, is slowly removed between C and Dover the temperature range 160-340°C. Of the S03 27 wt. % is expelled between 340 and 600°C which is slightly low when compared with the theoretical value of 29.5 %. From the heating curves it is apparent that not all the S03 is expelled until V4+ is oxidized to V5+, which accounts for a gain of 1.5%. A further weight loss occurs between 800 and 900°C and is assumed to be the remainder of the S03, the total weight reduction due to S03 expulsion being 29 %.The stanleyite heating data are markedly different from those of minasragrite where the water appears to be completely removed at 150°C and S03 at 600°C (Smith and Marinenko, 1973) . Heating tiny, crushed stanleyite grains between 35 and 70°C for varying periods between 10 and 30 minutes, followed by X-raying the products, failed to convert the hexahydrate to the pentahydrate, or even trihydrate. At the lower temperatures, and with short heating times, the stanleyite structure remained apparently unchanged as opposed to longer times (low temperatures) or higher temperatures (short time) when the structure collapsed.
An infra-red scan shows characteristic water and S03 absorptions with the latter occurring at 1190, 1100,1015, and 640 cm-I.
Assemblage. The poorly crystallized patronite on which stanleyite occurs contains finely disseminated pyrite and an abundant V, K, and S-bearing unidentified phase. Potassium alum occurs freely as a very minor constituent and the patronite contains a trace of quartz. An X-ray fluorescence qualitative scan of part of the loose I 6 H~. sample shows Mo to be present at a high traceelement concentration leve1. Baumann (1964) reported molybdenite and bravoite as occurring with the patronite in the deposits at Minasragra, and nickel was also detected in the stanleyitebearing sample. The loose, friable material would appear not too dissimilar from the patronite detailed by Baumann and the stanleyite efflorescent nature is identical to that of minasragrite although there is no evidence, at the present time, for or against stanleyite developing from the former minera1.
Type material is registered under number I922.11.6 and is deposited in the General Mineral CoJJection, Department of Geology, Royal Scottish Museum.
